This study investigated the effect of fasting, self-selected meals and isocaloric oral glucose and fat meals and intravenous (i.v.) feeding on plasma zinc concentrations in men.
concentrations [mean (SD) 12-I (1.4), 12.3 (0.6) and 12.2 (0-7) pmol/L at 1400 h, respectively, compared with a fasting level of 13.9 (1 ' 6 ) pmol/L at 0800 h, P<O-O5]. In patients undergoing intravenous hyperalimentation, plasma zinc decreased from 12-0(1-4)prnol/Lat0800hto l O~O ( I~l ) p m o l / L a t 1400h [mean(SD), P<O.01]. These data show that both enteral and i.v. feeding cause a decline in plasma zinc and that glucose alone is not responsible for this post-prandial fall since ingestion of isocaloric amounts of glucose or fat have a similar effect.
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Diurnal variation in plasma zinc concentrations has been reported by several workers,'-* yet there has been little work to elucidate the possible causes of the variation. There have been suggestions that the effect is solely a post-prandial change4s6-' perhaps due to g l~c o s e ,~~~ whilst others have found that variation occurs even in fasting subjects3 and may be mediated via interleukin-1 .5 The degree of diurnal variation is large and studies involving plasma zinc measurements without standardized sampling are extremely difficult to interpret. The present study was undertaken in an attempt to clarify the effect of various oral meals on plasma zinc concentration. In addition, plasma zinc concentrations were measured in patients undergoing intravenous feeding (IVH) to study the role of the gastrointestinal tract in influencing the diurnal variation in zinc concentrations.
SUBJECTS STUDIED

Healthy volunteers
The same six healthy men were used for each experiment. None were taking any drugs and all had normal albumin concentrations.
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Experiment Ifasting
Subjects fasted from 2200 h and continued to fast throughout the following day although drinking water was allowed. Blood samples were obtained without venous stasis at 0800 h, lo00 h, 1200 h and 1400 h.
Experiment 2-self-selected meals
Subjects fasted from 2200h and blood was obtained at 0800 h the following day. Subjects ate their usual breakfast at 0830h and lunch at 1230 h. Further samples were obtained at lo00 h, 1200 h and 1400 h.
Experiment 3-glucose
Subjects fasted from 2200 h and blood samples were again taken at 0800 h the following day.
Sixty millilitres 50% dextrose (120 kCal) was then drunk at hourly intervals for 5 h, starting at 0900 h, giving a total calorie intake of 600 kCal.
Further blood samples were obtained at loo0 h, 1200 h and 1400 h.
Experiment 4-fat
This experiment was exactly as Experiment 3 except that subjects consumed 5 x 23 mL doses of Prosparol (Duncan, Flockhart and Co, Greenford,
Prosparol is a fat emulsion containing arachis oil 5O%, glyceryl monostearate 3 Vo , polysorbate '60' 1 Vo , sodium benzoate 0.1 Vo and butylated hydroxyanisole 0-01%. The total energy provided was again 600 kCal.
Patients
Seven male patients who were receiving intravenous feeding (IVH) as part of their treatment for Crohn's disease were studied. Patients received i.v. saline overnight and blood was obtained at 0800 h. IVH was then commenced and further samples were obtained at IOOOh, 1200 h and 1400 h. The IVH solution contained 50% dextrose/8 -5% Freomine I1 (Boots Company Ltd, Nottingham, UK). The mean calorie load received by patients over the 6 h study period was 583 kCal (SD = 90 kCal).
RESULTS
When subjects were fasting throughout the day, plasma zinc concentrations remained constant. Consumption of self-selected meals resulted in a steady decline in zinc concentrations in all subjects. Oral glucose ingestion caused a more rapid decline in plasma zinc, and reached significance by 1000 h. By 1400h, levels were similar to when a normal lunch was eaten. Oral ingestion of fat also caused a decrease in plasma zinc concentrations, although the decline was not as rapid as that produced by glucose. At 1400 h levels were similar to those found after both selfselected meals and glucose ingestion, and were significantly lower than at 0800 h ( Fig. 1, Table 1 ).
Plasma albumin concentrations remained constant throughout the study period (Table 1) .
Patients undergoing IVH also showed significant decreases in plasma zinc concentrations
METHODS
Plasma zinc concentrations were measured using flame atomic absorption spectrophotometry at 213-9nm on an IL151 spectrometer (Instrumentation Laboratories, Warrington, UK) after dilution with water, as previously de~cribed.~ Samples were stored frozen at -20°C and were assayed in batches. The coefficients of variation of the plasma zinc assay were 6.6% between batch (n = 23) and 1.8% within batch (n = 10). To avoid zinc contamination, all glassware was prewashed in 50% nitric acid and ion-free water was used throughout. All plastic ware was washed three times in ion-free water before use. Plasma albumin levels were measured using the bromocresol green technique.
Statistical analysis of the differences between data sets was by Student's paired t test. Differences were taken to be significant when P<0-05. 0800 (paired t test) . IVH = intravenous hyperalimentation.
( Fig. l) , although the initial fasting levels were lower than those of healthy subjects. Zinc concentrations at 1400 h were 13.6, 13-4 and 12.3% lower than at 0800 h after normal meals, glucose and fat, respectively. In patients undergoing IVH, levels were 18.0% lower at 1400 h than at 0800 h.
DISCUSSION
This work clearly demonstrates a cumulative decline in plasma zinc concentrations mediated by food intake. Previous studies have also reported post-prandial decreases in plasma z i n~~.~. ' which do not occur in fasting individ~als,~ in agreement with the present study. A single study, however, reported a 15% decrease in serum zinc concentration between 9 a m . and 3 p m . in fasting subject^.^ Scales et al. suggested that the changes in trace metal concentrations may be due to a daily variation in liver or central nervous system release of interleukin-1 ,5 although they did not provide evidence to support this theory. The lack of change in plasma albumin over the study period indicates that alteration in albumin concentration was unlikely to be responsible for the decrease in zinc.
The dietary component causing the decline in zinc levels has been suggested as being protein," but both oral and i.v. glucose also cause a decline in plasma zinc.s The present study has demonstrated a significant fall in plasma zinc after glucose ingestion but, unlike Sweeney et al. we also showed that oral fat caused a similar fall, although the rate of decline was slower, presumably due to the differing absorption rates. Sweeney et al. found that a single meal of either double cream or minced beef caused plasma zinc to fall by 10% compared with a fall of 20% after a glucose meal, and concluded that post-prandial decreases in plasma zinc are due to glucose.s This would be a logical explanation since either enteral or i.v. glucose plus insulin causes activation of the sodium pump which results in potassium and other ions entering cells. However, in the present study, oral fat also caused plasma zinc to fall and fat meals have no effect on insulin response.I2 In the present study, the doses of fat and glucose given were isocaloric (600 KCal), unlike the study of Sweeney et aL8 where meals were unmatched in terms of energy content. It seems that the energy intake may, therefore, play some part in determining the degree of postprandial fall in plasma zinc.
The present study found that intravenous feeding caused plasma zinc to fall by a greater amount than when oral meals were given. The IVH fluid contained 2-4g/L histidine, and 200 mg/L cysteine, both of which bind zinc.I3 When these amino acids are infused intravenously, low molecular weight ligands form which are then filtered by the kidneys and excreted in the urine, with a concurrent fall in plasma zinc.14 The kidneys are the major excretory route for zinc in intravenously-fed subjects.I5 There is also evidence that cysteine-zinc complexes are resecreted from the distal renal t~b u l e . '~-'~ These factors may be partly responsible for the larger decrease in plasma zinc in i.v.-fed patients compared with oral feeding of healthy subjects in our study. However, it must also be pointed out that the group of patients receiving IVH were ill and that changes in zinc metabolism can occur as part of the acute phase response. In addition dilution of blood volume could in part account for a decrease in plasma zinc in the patients receiving intravenous feeding, but the observed fall was greater than would have been expected solely as a result of dilutional effects.
It is unlikely that a single agent is responsible for the post-prandial decline in plasma zinc observed in this and other s t~d i e s . ' -~.~-~ However, it is clear that standardized collection procedures and times are necessary for zinc analysis, even in patients undergoing IVH in whom zinc status is of particular importance.
